The paper aims at exploring effects of currency devaluation on Vietnam's economic growth. Our approach is to employ smooth transition regression (STR) to estimate relationship between real exchange rate, money supply, and public expenditure with Vietnam's GDP in [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] . The results show that currency devaluation can increase output if growth of money supply is less than 24.46%, and it may produce negative effects on the output when the money supply grows higher than the above threshold.
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INTRODUCTION
Currency devaluation is usually used for improve balances of trade and of payments on current accounts and increase foreign exchange reserves. Although it is generally agreed that currency devaluation is an important instrument for adjusting external imbalances, there is controversy about whether currency devaluation supports economic growth.
This paper aims at analyzing impacts of currency devaluation on Vietnam's economic growth in 2000-2012. More precisely, authors employ STR to explore reaction of output to fluctuations in exchange rate. The approach can clarify the conditions which show that currency devaluation results in decreasing or increasing output depending on the rate of growth of money supply.
METHODOLOGY AND APPLICATION OF MODEL a. Methodology:
The traditional theories of trade, such as Marshall -Lerner conditions and J-curve effect, demonstrate that currency devaluation may improve balances of trade due to cheaper exports and dearer imports. Neo-Keynesian theories posit that increasing net export is an important factor in promoting domestic production, generating demand for labor, growing demand for consumer goods and investment, and increasing economic output finally. Currency devaluation, in other words, can recover the external imbalances and impact positively on the economic growth. However, various economic arguments and quantitative evidence show that currency devaluation has negative influences on the growth via several channels, as discussed in detail by Bahmani-Oskooee & Miteza (2003) :
-Currency devaluation will increase prices of imports and lead to inflation, which will contract aggregate domestic demand. Moreover, higher spending on imported intermediate products decreases positive impact of currency devaluation on trade balance.
-Currency devaluation may reduce investment in fixed assets because developing countries usually have to import capital goods. The effect will be more serious if imported capital goods represent a high percentage of the gross investment.
-Inflation caused by currency devaluation increases interest rate and wages , which lead to higher input costs for manufacturing enterprises.
-Burden of debt service and repayment to foreign debts may be heavier when currency is devaluated, which may reduce resources for consumption and production.
Interwoven positive and negative impacts of currency devaluation on economic growth make analyses and quantification of these impacts are extremely complicated. Bahmani-Oskooee & Miteza (2003) find that four approaches which are used for analyzing impacts of currency devaluation on economic growth include: -Before-after approach compares output performance of a group of countries for three years before and after currency devaluation. Its biggest limitation is the failure to produce an estimate of individual impact of devaluation on output.
-The control-group approach compares before-after output performance in devaluing countries with output performance in a set of non-devaluing countries (the control group) during the same time span. Since this method assumes that both devaluing and control group countries face the same external factors, the difference in the output performance of these two groups should only reflect the effect of devaluations. Although this approach outperforms the before-after method, many economists maintain that comparison of devaluing with non-devaluing countries is not satisfactory because most devaluing countries are always less developed than non-devaluing ones.
-Macro-simulation approach: using macro econometric models or computable general equilibrium models to simulate impacts of devaluation on output. Advantage of this approach is to provide many macroeconomic analyses, especially a mechanism that transmits the impact of devaluation on output as well as other macroeconomic variables. However, constructing models of this type is extremely costly and complicated.
-Econometric modeling: Econometric models used for analyzing impact of currency devaluation on output include estimation of panel data for a group of countries, time series models, SVAR, VECM, and smooth transition regression (STR) (Terasvirta, 2004) . Output is the variable explained in those models, and explanatory variables may be real exchange rate, nominal exchange rate, government spending, the ratio of government expenditure to GDP, money supply, term of trade, exports, imports, interest rate, output gap, unemployment rate, the price of crude oil, etc.
b. Econometric Model:
Econometric model used for examining impacts of currency devaluation on economic growth in Vietnam is based on Edwards' model (Edwards, 1989 ). Model's equation is written as:
where Y is output or GDP at current price, G and M represent government expenditure and money supply respectively, and E is devaluation rate of the real exchange rate. Coefficient a1 denotes the elasticity of output with respect to exchange rate (its sign and magnitude indicate the effect of devaluation on output). Since exchange rate is defined as a unit of domestic currency per unit of international currency, a negative coefficient of exchange rate implies that devaluation is reducing the output, and vice versa with a positive coefficient. Coefficient a2 and a3 both are expected to bear positive signs and denote the impact of money supply and fiscal policy respectively on the output. Equation (1) can be estimated by using STR. The non-linear form of this equation is as follows:
where a1, a2, and a3 are parameters in model's linearity, a*1, a*2, and a*3 are parameters in model's non-linearities and ~(0, 2 ). The process of modeling STR consists of three stages as specification, estimation and evaluation (Terasvirta, 2004) . The specification stage aims at testing nonlinearity of the linear model (1), thereby selecting a specific transition variable and a specific model (LSTR1 or LSTR2) for non-linear estimation.
RESULT OF STR MODEL ESTIMATION FOR IMPACT OF CURRENCY DEVALUATION ON THE GROWTH
Authors use time series data set of quarterly basis and 71 observations, from Q1/1995 to Q3/2012, for the variables included in Equation (2). GSO Department of National Account System estimates CPI, GDP data and government expenditure at comparing price. The data of money supply and exchange rates of Vietnam and CPI of the USA, are taken from IMF International Financial Statistic (IFS). The real exchange rate, in this research, is only the rate of the VND to the US dollar. To fully estimate impacts of endogenous variables (real exchange rate and money supply) on the growth, the selected lag for these variables is 4 and lag for the exogenous variable (governmental spending) is 2. All variables are turned into first difference of the natural logarithm because all variables in the estimation equation (2) are non-stationary time series. Because the research focuses on possible non-linear relationships and asymmetric effects of currency devaluation on the growth, the first step to take is conducting linear tests of equation (1) according to aforementioned steps. This empirical process is based on a generalto-specific approach by eliminating individual lags in order to minimize AIC. Results and estimation coefficients are presented in column 1 of Table 2 . Tests of linear specifications of the model affirm that no flaw is found and fitness of the model is rather high with R 2 = 0.7424. Estimation results from the linear model show that currency devaluation affects the output after two quarters. Table 1 shows p-values of linear tests performed on the specified linear model. The minimum p-value implies that the hypothesis of linearity is strongly rejected, and the LSTR1 model is chosen by comparing p-values of H2, H3, and H4. Though linear tests prove that the most transition variables have their values, and selecting transition variables may lead to various types non-linear models, Edwards's theoretical model (1) gives some implications about the role of money supply in the relationship between devaluation and output, so ∆mt is chosen as STR's transition variable for estimating LSTR1 model. Table 2 presents values of G and C when minimizing residual sum of squares during grid search process. The slope parameter γ equal to 8.14 reflects a rather smooth transition from a period of low growth of money supply (G+0) to a period of higher growth of money supply (G=1). The coefficient C equal to 24.46 stipulates the threshold of money supply growth whereby impacts of variables on the output experience a transition step, that is, the nature of relationships between variables changes from that threshold. The following remarks could be drawn from the results in Table 2: -Government spending (Δg): This variable bears a positive sign when the money supply growth is low (G=0) and a negative one when the growth is high (G=1). The total impact from these coefficients ∆gt-2 on the economic growth is -0.232 implying that the output is contracted when government spending increases.
-Real exchange rate (Δe): This variable bears a positive sign in the period of low growth of money supply and a negative one when the growth rate is high. The total impact of coefficient Δet-2 on output growth is +0.357 implying that economic activities may be improved in a period of depreciation. This impact, however, only takes place when the growth rate of money supply is lower than 24.46%.
-Money supply (Δm): This variable and its lags bear negative signs in the period of low growth of money supply (G=0) and a positive one when the growth rate is high (G=1). The total impact of this variable with a lag equaling two quarters on output growth is + 0.157 implying that increases in money supply positively affect the economic growth.
The result of STR model estimation is showed in the following equation (numbers in parentheses are t-ratio): The results of estimation of linear and non-linear models support the hypothesis about positive impacts on currency devaluation on output growth. STR model, however, produces findings different from those detected by linear model by showing that impact of currency devaluation on economic growth is strong when the money supply growth is lower than 24.46% as evident by the negative signs of the regression coefficients.
The results of all diagnostic and goodness-of-fit tests are also presented in Table 2 . The diagnostic tests do not add any relationships in the specified linear model; all hypotheses of autocorrelation are rejected; and parameters do not change. Moreover, p-values of LM test for ARCH (8) and Jarque-Bera test show that the chosen model is appropriate. In the context of modeling of STR based on the most possibly reliable data from GSO and IMF, the authors can draw some conclusions about impacts of devaluation on economic growth.
-Past empirical researches on currency devaluation based on traditional time series models usually make assumptions about linear relationships, and thus cannot reflect fully relationships of macroeconomic variables, especially when other variable also produce effects on output. Meantime, the STR model represents an approach that takes into account impacts of money supply through a non-linear function. Specifically, the paper reaches a conclusion that currency devaluation may help increase the output if the growth of money supply is below 24.46%. When the money supply growth is above this threshold, currency devaluation can contract the output.
Comparing quantitative results with currency devaluation and its impacts on the growth in Vietnam in [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] shows that:
-After the Asian financial crisis in 1997-1998, Vietnam adopted a crawling peg regime. The exchange rate of the VND to US dollar was kept stable for a long time. From Q1 of 2000 to Q3 of 2009, depreciation of the VND against the dollar was always lower than 1% per quarter while the money supply growth was very high, over 26.5% on average. Currency devaluation, therefore, might produce some effects on economic growth but they were not serious because the depreciation is low.
-In the recent period of macroeconomic imbalance, depreciation of the VND against US dollar was rather high, amounting to 24% in the period from Q4 of 2009 to Q2 of 2011. This figure was 5.04%; 9.35% and 3,64% in Q1/ 2010, Q1/2011 and Q2/2011 respectively, while the money supply growth, especially in the period from Q3/2010 to Q1/2011, was also pretty high as compared with corresponding periods (26.5%; 29.7% and 25.9% respectively) accompanied by high depreciation rates. According to the GSO, the 2011 growth rate fell to 5.8% from 6.8% in 2010. It could be concluded that the fall in GDP growth rate might be affected by currency depreciation.
-From Q3/2011 onwards, a tight money policy was adopted to ensure macroeconomic stability. In 2012, the VND/USD exchange rate even fell by 0.96% compared with 2011. In the context of prolonged macroeconomic imbalance, this could be seen as a success in stabilizing public mentality and curbing the inflation. When the exchange rate is pegged, the money supply rises and credit growth is low (20% and 7% respectively), and the growth rate decreases (5.03%), adopting a fixed exchange rate is not completely reasonable.
RECOMMENDATIONS ON SOLUTIONS
In our opinion, SBV could take the following measures in 2013:
(i) Increasing the band on either sides of the exchange rate to ±3% to make the exchange rate and foreign exchange market compliant to signs from the market. The suggested band is the one adopted by SBV before it depreciated the domestic currency by 9.3% and contract the band from ±3% to ±1% on Feb. 11, 2011.
(ii) Devaluating the domestic currency gradually to support economic growth ensuring the targeted growth rate of 5.5%. We suggest an average depreciation rate in 2013 over 2012 of 3-5%.
(iii) To support the growth while devaluating the currency, the money supply growth should be kept below 24.46% as suggested by research findings. Because money supply growth comprises credit growth and change in net foreign assets, we suggest keeping credit growth in commercial banks in the range from 12% to 15% in compliance with changes in macroeconomic situation. This suggestion is based on strong increases in Vietnam's net foreign assets in 2012 and its potential for future rises
